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fraction containing microsomes possess activity. IMIitochondria are only active at the acid pH optimum. The activity of acetone powder extracts of mitochondria is enhanced by adenosine triphosphate and nicotinamide adenine dinucleotide, whereas the initochondria tlhemselves are also activated by malate. It was concluded that the enzymes which inactivate endotoxin involve fatty acid activation and oxidation. Such a finding suggests that the lipid moiety of endotoxin is required for toxicity.
For the past several y-ears, the nature of the toxic principle in bacterial endotoxins has been the subject of intensive investigation. The problem has focused on the qutestion of whether the lipid or polysaccharide portion of the lipopolysaccharide molecule is responsible for the toxicity. Westphal and Luderitz (1954) , Westphal (1957 Westphal ( , 1960 , and Westphal et al. (1958) found that hydrolysis of endotoxin wsith dilute HCl yielded a chloroform-soluble lipid (lipid A) which possessed some of the activity of the original lipo- polysaccharide. Although the activity was low, they found that it could be increased wN-hen the lipid was "solubilized" w ith detergents or dextrans, or linked with an inert protein. Ribi et al. (1960 Ribi et al. ( , 1961 and Haskins et al. (1961) found that endotoxin lpreparations could be obtained with relatively low quantities of lipid which retained much toxic activity. Furthermore, they demonstrated that acid treatment destroved endotoxic potency before appreciable lipid was removed. They concluded that lipid is not involved in the endotoxic activity and, therefore, the acid-labile residue, presumably polysaccharide, is the active principle. If this is true, the chemical nature of the polysaccharide is not specific because an epimeraseless mutant of Salmonella, which has an entirely different polysaccharide structure, has endotoxin of the same potency as the parent strain (Nakano, 1962) . This problem was also attacked by chemical modification of the lipopolysaccharide. Noll and 13raude (1961) treated Escherichia coli endotoxin with LiAlH4, and thereby reduced the toxicity without affecting immunogenic potency and the serological activity of the original complex. This treatment resulted in the elimination of ester-bound fatty acid.
Although only preparations free of ester carbonyl were nonpyrogenic, the crude ester-free reaction product was still highly toxic. They favored the idea that "toxicitv is the result of certain physicochemical properties characteristic of the entire molecule." Freedman, Sultzer, and Kleinberg (1961) Residual endotoxin activitv was determined by injecting the diluted reaction mixtures intravenously into 11-day-ol(d chick embryos (Hook, Luttrell, and Wagner, 1961 Tauber (1960) . The activation of fatty acids in endotoxin by liver preparations was ascertained by the method of Kornberg and Pricer (1953) . Liver-cell fractions were separated by differential centrifugation as described previously (Corwin and Schwarz, 1959) .
RE,SULTS
Guinea-pig liver has the ability to inactivate endotoxin. Incubation of 20 jig of S. marcescens endotoxin with 720 mg of guinea-pig liver homogenate increased the LD50of endotoxin 16-fold (Table 1) . When the amount of homogenate was reduced, there was a progressive reduction in the degree of inactivation, but even when the amount of homogenate used was 0.01 of that present in the original 40% suspension, there was still definite evidence of inactivation.
Attempts were made to localize the endotoxininactivating activity within a specific cell fraction, but activity was found in all fractions (Table 2 ). Attempts to purify the enzyme(s) from an acetone powder of guinea-pig liver by means of ammonium sulfate precipitation and calcium phosphate gel absorption were also unsuccessful.
To ascertain the optimal conditions for endotoxin inactivation, a study of the effect of pH on the system was undertaken. There are two distinct pH optima for the reaction, the first at pH 6.5 to 7.0 and the second at 8.5 to 9.0 (Fig. 1) . To ascertain the nature of the enzy matic activity in the mitochondria, an investigation of cofactor requirements was made. Mitochondria were chosen because it is possible to free them for the most part from soluble cofactors. (1954, 1958, 1960) tried the direct approach of hydrolyzing the molecule with acid and assaying the toxic effects of the lipid and polysaccharide. The lipid was found to possess some activity and could be activated by detergents, but the potency at best was far less than the parent endotoxin. Ribi et al. (1961) found the activity of the lipid very low and, furthermore, gave evidence that the toxic moiety is sensitive to concentrations of acid that (lo not remove the lipid. With their method of preparing endotoxin, they could obtain a compound with as little as 2/c lipid, and could not correlate lipid content of other preparations with toxicity. As is the case with most indirect approaches, the conclusions, although reasonable, suffer from the lack of direct evidence to be gained with endotoxin which is truly lipid free. One can still argue, with some precedent, that the residual lipid bound very tightly to the polysaccharide is the active factor or, perhaps, has the same relation to the polysaccharide that a cofactor such as NAD has to a protein; i.e., a synergistic action.
The use of enzymatic inactivation of endotoxin as a means of elucidating the chemical basis of its toxic properties offers some significant advantages over previous approaches to this prob- The clue that aided in the characterization of the enzyme(s) in guinea-pig liver responsible for the detoxification of the endotoxin was the inability to obtain activities in the various cell we found two distinct pH optima, at 6.5 to 7.0 and 8.5 to 9.0. Mitochondria, as well as the acetone powder extract from them, were active at the lower pH, with almost no activity at the alkaline pH. The enhancement of endotoxininactivating activity by NAD suggests fatty acid oxidation. This oxidation is limited to the mitochondria because cytochrome oxidase occurs only in this fraction. 'T'hus, the 6.5 to 7.0 pH optimum of the homogenate is probably due to fatty acid oxidation. Prior to oxidation, the fatty acid must be activated to the acyl CoA derivative by an enzyme of guinea-pig liver not restricted to any one fraction, according to Kornberg and Pricer (1953) . Because the liver enzymes are not affected by tetraethylpyrophosphate at either acid or alkaline pH range, it is unlikely that an esterase is one of the enzymes involved in the inactivation of endotoxin by liver. Because the supernatant fraction, after the removal of mitochondria, is active at the alkaline pH ol)timum, an(l because this activity is enhanced by ATP, it is possible that fatty acid activation may account for this activity.
